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The widespread introduction and adoption of renewable energy technologies remains high on virtu-
ally every national development policy agenda; renewable energy systems can assist national energy
autonomy, decentralize resource management, promote environmental conservation, and serve as a
means to reduce global warming. The track record of efforts to turn this noble ideology into success-
ful technology transfer and dissemination, however, remains very mixed. It is a story of a few suc-
cesses amid many failures. Here we document and examine the diffusion of small-scale photovoltaic
(PV) systems in Kenya. At the same time that integrated energy plans and top-down models cham-
pioning renewable energy futures are becoming increasingly common, a new power base, divorced
from these grand schemes, has begun to emerge. Over the past decade, some 20 000 to 40 000 small
PV systems, essentially all privately financed, have been installed in Kenya. Many valuable lessons
for renewable energy research can be found here. The Kenyan case richly illustrates the dramatic
role that actors on every scale, from grassroots to international, can have in accelerating — or when
mismanaged, impeding — technology transfer and the elevation of renewable energy systems from
niche applications to a prominent role in household empowerment, and decentralized and sustain-
able development initiatives.
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Most of the increase in global energy consumption over the world for the benefits of electrification — in the short term

next generation is expected to take place in the developing
world. The prospect of this future — over four billion people
pursuing an energy guzzling path akin to that of the so-
called developed nations — is daunting. The potential dam-
age to the global environment and the depletion of natural
resources is so profound that environmentalists, resource
economists, and many others are rushing to advocate
schemes that maximize the use of renewable energy tech-
nologies in less developed countries (LDCs).

One area of LDC energy consumption that is certain to
grow over the coming decades is that of electricity. Al-
though there is a tremendous demand in the developing
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notably lights, refrigeration, radios and TVs — nearly two
billion people remain without electricity, with little immedi-
ate prospects for grid connection (Gregory and McNelis,
1993). Not only does this pose a potential environmental
danger of epic proportions, but there are also major quality
of life concerns as well. Lack of electricity is a hindrance to
the provision of health services, community development,
education, and industrial activity (Hankins, 1993, p ).

In an effort to mect this enormous electrification demand
in an environmentally benign way, many have looked to
photovoltaic (PV}) energy as a solution. The history of PV
electricity is long, at times tortured and often exaggerated.
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The photoelectric effect was first discovered in 1839 by A
Edmond Becquerel, when he observed that certain mat-
erials produced a small current when exposed to light
(Shepperd and Richards, 1993, p 5). One hundred years
later the technology had hardly advanced, and incident
light to electricity conversion efficiencies were only 1%
(Gregory and McNelis, 1993, p 12). By the late 1950s, how-
ever, crystalline silicon technologies had advanced enough
to be used in the US space programme, and the first solar-
powered satellite, Vanguard 1, was launched in 1958
(Gregory and McNelis, 1993, p 9). By the mid-1970s,
prices for PV generated power were just starting to ap-
proach the commercially feasible range, and by the early
1980s a global PV market had been established. Nearly all
PV modules in use today are made of silicon doped with
phosphorus and boron, although advances involving a wide
array of photoactive materials may rapidly change that in
the future (Zweibel and Barnett, 1993, pp 437-482; Perez
and Coleman, 1993, pp 14—16). Commercially available PV
modules now achieve over 14% efficiency, and cells in re-
search laboratories are attaining efficiencies in excess of
25% (Barlow ef al, 1994; Gregory and McNelis, 1993).
Research is also under way to find more cost-effective
materials than silicon, and promising results may be on the
horizon for cadmium—telluride (CdTe) cells and copper—
indium—diselenide (CIS) cells; commercial facilities are due
to come on line for CdTe cells within the next few years.
The potential for photovoltaic energy generation in de-
veloping countries is, in theory at least, vast. In its 1992
World Development Report, the World Bank noted that

in developing countries, solar insolation is roughly 6500
times the annual consumption of commercial energy. At cur-
rent conversion efficiencies of 15%, less than 0.1% of these
countries’ land area would be required to meet, in theory, the
whole of their primary energy requirements. !

A comparison to the energy/area ratio for hydropower is
particularly instructive. Even if every developing nation
had the hydroresources to meet electricity demands, they
would need to devote 10 to 100 times the total land area re-
quired for PV generation to achieve the same energy output
(Anderson and Ahmed, 1994, p 2).

The solar energy supply is certainly plentiful enough,
and the applications for PV are also numerous: uses include
refrigeration for vaccines, lighting projects for schools and
other institutions, water pumping facilities, village electri-
fication, electric fencing for ranches and national parks and,
of course, the full range of domestic services. PV is also
used in communications for powering remote radio and
telecommunications towers.

PV is used for such a wide range of applications in part
because it is easily adaptable to a great range of power re-
quirements. A large-scale PV system is not fundamentally
different from a small-scale one; it primarily has more
photocells and additional ‘balance-of-system’ components

'In fact the 0.1% is conservative by almost a factor of 10 over most large
PV grid efficiencies.

(batteries, wiring, circuitry and so on). Larger systems cer-
tainly can be far more complex than scaled up versions of
smaller ones, but even in these cases the gulf is chiefly one
of magnitude, not of technology. Consequently, national
policies to encourage the installation of PV arrays can find
application and synergy in 100 W household systems,
10 kW village arrays, and even GW scale regional generat-
ing facilities.

This contrasts with other fuels, like oil and gas, that do
not ‘scale’ from small to large facilities. Energy generation
for a single household, community, or entire region gener-
ally depends on very different fuel handling and combus-
tion technologies. As a result, large-scale PV projects may
in many cases fit national development strategies for poor
countries better than oil or gas plants. Although it may be
sorely needed, a well maintained 100 MW coal or diesel
fired power plant does very little, if anything, to spur a local
energy industry appropriate to the needs of the majority of
the populace of a developing nation. In most LDCs, such a
facility will be managed by either a local or an imported
technical elite, and the expertise is unlikely to disseminate
outside of the plant to any significant degree. This can turn
a development investment into a ‘technical fix’. A PV pro-
ject, on the other hand, can naturally lead to technology
transfer and cross-fertilization between separate industries.
The availability of PV modules is therefore a natural in-
ducement to further local innovation, know how, and tech-
nology borrowing between users of very different means.

With many developing countries situated near the equa-
tor, photovoltaics offer an attractive alternative to tradi-
tional energy sources. PV has multiple advantages for
electrifying rural households: it is decentralized, uses a
locally generated and abundant energy source (sunlight),
frees the user from price fluctuations common to traditional
fuels, is easily transportable and thus can penetrate remote
areas, and is safer for the environment in many ways than
traditional fuels.

The most important attribute of any energy source in the
current environment, including PV, is that of price. In many
applications PV is simply the least expensive alternative
when considered on a lifecycle cost basis (see eg Williams
and Terzian, 1994). As a result, individuals in developing
nations have bought tens of thousands of installations for
their homes. Countries such as Zimbabwe, Sri Lanka,
Honduras and the Dominican Republic have all seen mar-
kets develop for the private purchase, installation and main-
tenance of PV systems. Perhaps the most dramatic example,
however, is Kenya, where an estimated 20 000 to 40 000
systems have been bought and installed in private homes
and small businesses around the country.2

The emergence of this private market for photovoltaic
systems has naturally attracted the interest of utility man-

M Hankins, interview July, 1994. Note that this number reflects only
small-scale, privately-bought PV systems. The broad range is inevitable
given the informal, commercial, nature of the market. Kenya has an
equally large (in terms of power) market for large-scale, donor-funded PV
systems. This ‘donor market’, while extremely important in Kenya, is not
the focus of this study.
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agers, environmentalists and policy makers. How did the
market develop? What kind of consumers are buying the
systems? How well are the installations actually working,
and what can be done at the commercial and public policy
level to improve PV performance, availability and adoption
in the future? What lessons can be learned about the more
general question of the dissemination of energy and envir-
onmental technologies in developing countries?

In this paper we examine the technical, economic and
political factors that shaped the Kenyan PV market. Against
a backdrop of initial economic growth and then price and
policy fluctuation, we examine the evolution of the Kenyan
PV market, its development, and what forces have helped
or hindered the dissemination of PV technology. That sets
the stage for the third section of this paper, which details
the results of a survey of home systems undertaken in July
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and August, 1994; some of these results confirm notions
about the PV market laid out in the second part, while
others provide unexpected contradictions. Finally, the
fourth part evaluates the mechanisms and methods of tech-
nology transfer, suggests several courses of action that can
benefit current and potential PV users in Kenya, and ex-
amines the impact that PV has had in Kenya.

Taken in sum, this work explores an empirical example
of technology diffusion that has been shaped by the interac-
tion of technological change, energy demand, and political
and economic forces. While the bulk of the Kenyan PV in-
stallations are private, this hardly implies a secondary role
for national or international renewable energy policy. Far
from it; the Kenyan example is full of technical and re-
source bottlenecks, economic roadblocks, and counterpro-
ductive policies. This suggests that intelligently directed
research and development, multinational assistance, and
wise economic policy could replicate or surpass the Kenya
results elsewhere.

Profile of the study area

Kenya's geographic profile

Kenya straddles the equator (Figure 1), which bisects it into
two nearly equal parts lying between 4.5° N and 4.5° S.
This, of course, provides an ample solar resource, with
many areas reaching peak solar radiation levels of over
1000 W/m2. Approximately 25 million people inhabit the
country, which is 560 186 km? in area. This population is
growing at an annual rate of about 3%; although the rate is
very high, it is lower than the 3.5% of only a few years ago
(Kelly and Nobbe, 1992).

Kenya's economic profile

Given that most of the data collected for this report were
from 1994, dollar equivalents are calculated at the average
KSh1994/US$ exchange rate; at the time of the survey, this
was about KSh61/US$. When data are from previous years,
this is indicated and the relevant exchange rate is used.

The general Kenyan economy. After gaining independence
in 1963, Kenya enjoyed 10 years of steady and strong eco-
nomic growth, possible because of the country’s rich en-
dowment of natural resources and political stability (Kar-
ekezi, 1994, p 1). This early period of growth was generally
steady and remarkably free of fluctuations (Figure 2).

The initial post-colonial period of robust growth was in-
terrupted by the first oil shock of 1973—74. Since Kenya
imports all its oil (though exploration efforts continue in the
north and east of the country), it has proved economically
vulnerable to fluctuations in petroleum prices. Neverthe-
less, Kenya rebounded from the oil shock and by the end of
the 1970s was registering its strongest growth rates ever.
With the second oil shock in 1979, though, the Kenyan
economy took another nosedive that persisted through the
global recession of the early 1980s.
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The period of greatest interest for this study starts in
1985, when the Kenyan photovoltaics market began to de-
velop. As can be seen in Figure 3, the Kenyan economy
made a marked recovery for the second half of the 1980s.
During this time, many Kenyan consumers were able to
accumulate sufficient savings to purchase PV systems for
their homes, farms, and small businesses. During the late
1980s, PV thin-film cell efficiencies rose from 10% to
about 15% (Williams, 1994); and prices correspondingly
fell dramatically, from several dollars to US$0.15-US$0.20/
kWh. The combination of a strong economy and a rapidly
improving PV industry not only made such systems attract-
ive at the time, but promised additional efficiency gains and
cost savings in the future Kenyan PV market.

The Kenyan rural sector. We also have a special interest in
Kenya’s agricultural sector because the vast majority of
photovoltaic systems sold to private consumers, or are in-
stalled in rural areas unconnected to the electric grid.
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Perhaps the best indicators of the rural economy are the ex-
ports (Figure 4) and foreign exchange earnings (Figure 5)
from coffee and tea, Kenya’s principal export commodities.

During the first half of the 1980s, Kenya exported in-
creasing quantities of both coffee and tea. Coffee prices
have trended downwards since 1987, however, while tea
prices have remained comparatively stable (Figure 6). In
fact, the data show a concurrent shift in Kenyan exports
away from coffee and into the production of tea. Neverthe-
less, coffee growers enjoyed high earnings during the 1980s
— especially in 1986, a year when high prices on the inter-
national market coincided with above-average exports. Tea
growers, on the other hand, have profited from less spect-
acular but more consistent earnings throughout the period.
The coffee and tea profits have, of course, gone principally
to the rural elites and absentee landlords, with far more
modest amounts accruing to the smallholders and wage
labourers. Nevertheless, both crops have been critical to
Kenya’s economy, and the rural economy in particular. This
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Table 1 Energy consumption patterns (%)

Hydro and Natural
Oil Biomass nuclear Coal gas

World 39 14 3 27 17
Industrialized

countries 45 | 3 28 23
Developing

countries 24 44 2 26 4
Kenya2 24 74 2 0 0

aKenyan figures represent 1989 data

Source: Othieno (1992, p 407).

has boosted Kenya’s rural PV market, which has continued
to expand even during times when the rest of the nation’s
economy has suffered. Indeed, several authors directly at-
tribute some of the growth of Kenya’s photovoltaic market
to the steady performance of the rural economy (Hankins,
1994a, p 5; Karekezi, 1994, pp 1ff; Lancashire, 1993).

Kenya's energy profile

Household energy consumption. Kenya's energy consump-
tion is typical of developing countries, except that it has no
coal reserves and thus depends even more heavily on
biomass (primarily wood, charcoal derived from rural wood
resources, and crop residues such as maize cobs and cotton
stalks). Household energy use, which constitutes 70% to
75% of total Kenyan energy consumption, is dominated by
the use of these biomass fuels. In fact, wood is far and away
the most widely used fuel in Kenya, accounting for, based
on 1989 data, nearly 68% of the country’s total energy sup-
ply. The importance of biomass in the Kenyan economy is
further illustrated by the rising demand, estimated to have
increased from 27.8 million tonnes of oil equivalent (toe) in
1988 to 35.3 million toe in 1993 (Hall and Mao, 1994).
This wood is used primarily for cooking, space heating, and
also serves limited lighting purposes. This energy source
historically has not been used efficiently: pyrolytic conver-
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Figure 7 Kenyan petroleum imports and domestic demand

Source: Data from the Kenyan Central Bureau of Statistics, 1994.
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ston of wood to charcoal is only 15-25% efficient (typically
transported to and then used in urban areas), and the three-
stone fires used in rural areas also suffer from very low effi-
ciencies of 5-20% (Karekezi. 1994, p 5). Among other
efforts to combat this, dissemination of more efficient
woodstoves has progressed in Kenya to the point that al-
most one million homes now utilize the most popular
model, the Kenya Ceramic Jiko (Kammen, 1995a, pp 2—15;
Kammen, 1995b, pp 72-75). Energy consumption patterns
are shown in Table I.

Commercial energy consumption. Commercial energy
sources provide 25% to 30% of Kenya’s total energy needs,
and this sector is heavily dominated by oil imports. This, of
course, is common for developing countries. Approx-
imately 75% of developing nations import petroleum, and
29 of the world’s 38 poorest countries depend on oil im-
ports for over 70% of their commercial energy needs
(Barozzi and Guidi, 1993, p 6). In Kenya, petroleum ac-
counts for 80% of commercial energy consumption (Cen-
tral Bureau of Statistics, 1994, p 143). All the oil comes
from the Gulf region, is refined at a Kenyan facility in
Mombasa (the only oil refinery in East Africa), and then is
either used to meet domestic demand or is re-exported to
neighbouring countries. Figure 7 illustrates the disposition
of Kenyan refined oil during the last few years; while do-
mestic demand has remained steady, oil exports have in-
creased steadily in the 1990s.

Despite the fact that oil does not dominate the total en-
ergy sector in Kenya, it plays a vital role in industrial activ-
ity, and is a major drain on the balance of trade. Sub-
Saharan countries currently spend about one-third of their
hard currency resources on oil imports, which impedes ef-
forts at building up reserves of foreign exchange or foster-
ing a secure national industrial base (Barozzi and Guidi,
1993, p 6). At the peak of the second oil shock (1981),
Kenya saw 63% of its net export earnings consumed by oil
imports, though that level dropped to 32% a few years later
(Othieno, 1992, p 407). Figure 3 clearly illustrates the ad-
verse effects the two oil shocks had on Kenya’s petroleum-
sensitive commercial sector.

Virtually all the remainder of Kenya’s commercial en-
ergy needs are met through the electricity generated by the
national utility, Kenya Power & Lighting Company (KPLC).
This constitutes about 20% of Kenyan commercial energy,
or 5 to 6% of total national energy usage (Figure 8).

As we see in Figure 9, electric generation in Kenya
comes mostly from hydropower, which in 1993 accounted
for over 88% of the national electricity supply (Central Bur-
eau of Statistics, 1994, p 148). This supply is generated
from 12 major dams across the nation’s rivers flowing into
inland lakes or to the Indian Ocean. A small amount (8%) is
also imported from Owen Falls in Uganda under a 50-year
agreement scheduled to run through 2010 (Karekezi, 1994,
p 6: Central Bureau of Statistics, 1994, p 149; FAO (various
years)). This heavy dependence on hydropower has been
problematic for Kenya; low rainfall caused KPLC to im-
posc power rationing for four months in 1992 (Karekezi,
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aThe difference between demand and supply represents transmission
losses and unallocated demand

Source: Central Bureau of Statistics, 1994.

1994, p 6). The rest of Kenya’s electricity comes from
geothermal sources and thermal oil plants.

Although KPLC has steadily increased its electrical out-
put, only a fraction of Kenya’s population ever receives
this power. This is because Kenya’s electric grid hardly ex-
tends beyond its urban arcas, a problem discussed further
below.

Finally, a small fraction of Kenyan commercial energy
consumption is supplied through the import of coal, which
is used as a substitute fuel for firing the kilns at the cement
factory in Mombasa (Karekezi, 1994, pp 6-7). In 1993, less
than 90 000 toe of coal was used in Kenya (Central Bureau
of Statistics, 1994, p 150). Nevertheless, coal is starting to
be used in the houschold energy sector, especially in areas
along the southern frontier with Tanzania which are seeing
more coal use in small household stoves. This could easily
lead to alarming environmental and health effects, particu-

larly as increasing population and logging pressure depletes
forest resources.

Kenya's energy sector in perspective. Taken in sum, the en-
ergy resource mix described above for Kenya is highly rep-
resentative of developing nations, particularly in sub-
Saharan Africa. The overwhelming dependence on biomass
energy combined with a problematic and expensive fossil
fuel sector all point to a need for new alternatives. Also typ-
ical is the lack of any significant electricity grid outside the
main urban centres.

But Kenya’s status as one of the more stable African
economies with a strong agricultural base, oriented to both
domestic and export markets, opens up a number of tech-
nology development opportunities. An important and, in
places, affluent rural sector provides a ready market for
autonomous energy generation, particularly if it is on a
single-family scale. The combination of these factors
helped prime Kenya for the growth of a PV market. The dif-
fusion of the new PV technology depended on numerous
factors, including local technical knowledge, system and
component availability and maturity, economic barriers and
incentives, and national energy policy. We turn to an exami-
nation of these factors in the following section.

The private PV market in Kenya

History of the market s development

As noted above, the robust economic growth Kenya en-
joyed in the 10 years following independence was slowed
considerably by the oil shock of 1973—-74. This, however,
helped to open the market for PV in the country as people
looked for alternative, reliable and fiscally predictable en-
ergy sources.

It was a meagre beginning, though, primarily because
the price of PV, though falling, was still quite high: the in-
stalled price remained between US$30 and US$40 per peak
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Figure 9 Sources for the Kenyan electricity supply






